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I. INTRODUCTION 
The greatest of dangers which follow interruption of the hepatic arterial supply 
is liver necro片山・ The more complete is the interruption, the higher becomes the 
motality of animals operated upon. As has often Leen reportEd since the time of 
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HABERER, especiall~· when the gastroduodenal a. and right gastric a., as well as the 
common hepatic a., have been ligated, almost al animals die of liver necrosis. 
On the other hand, MARKOWITZ, REPPAPORT, and ScoTT reported that postoper-
ative administration of penicillin could remarkabl~· lower down the mortality of 
animals operated upon. This observation was further con白rmedby GRANT, FITTS, 
RAVDIN and others, and it is now、iVelknown that other antibiotics are as e百ective.
However, about 30% of dogs operatccl upon and treated with antibiotics are reported 
to have died. Furthermore, LAUFMAN et al and FRASER et al stated that the more 
extensive and complete was ligation of arteries at the hilus of the liver, the higher 
was the mor旬lityァ ofdogs・ ・・reaching over 50% or even 65% despite antibiotic therapy. 
According to these reports, al experimental clogs that died as a result of the ligation 
showed a high degree of liver necrosis, while those which survived did not disclose 
such a high degree of necrosis long after the antibiotic might well have lost its 
power. 1再アhywas it so? The question is not 3・ctanswered. Was it because of the 
anatomical di町erenceamong the animals operated upon ? Was it because of incom-
plete ligation due to some mistakes in the operative techniques? Or because some 
collateral circulation, which had either existed before ligation or come into being 
after it, had been substituted for ligated artcr色e?
In an effort to answer these questions, I made the below experiments in order 
to investigate the relation between the presence of such collateral arterial circulation 
to the liver and the development of fatal liver necrosis caused by ligation of hepatic 
arteries. For this purpose patterns of the liver with extra or intrahepatic circulation 
system were made by injecting coloured plastics. 
I. METHODS OF EXPERIMENT 
A. Experimental Materials and Operative Procedures 
1) Materials 
Healthy adults dogs were employァed. Some 60 were injected with coloured 
plastics, while about 90 were used for histological studies. Besides, a dozen or so 
were used as the control. 
2) Operative procedures 
A midline incision of the abdomen was employed under intravenous nembutal 
anaesthesia. In some cases the common hepatic artery (the c. h. a.), the gastroduo-
denal artery (the g. d. a.) and the right gastric artery (the r. g. a.) were doubly 
clamped, ligated and severed, while in others the other arterial branches (which will 
be mentioned later) together with the above-stated 3 arte1匂swere subjected to the 
same operation either al at the same time or in two di百erentstages. (The abbre-
viations of each of the 3 arteries are given in the brackets respectively.) 
After the operation, 100, 000 or 300,000 units of penicillin ＂℃re given to the 
dogs once or three times. Those which survived ＂℃re subjected to the below 
experiment of injection of coloured plastics. For the sake of contrast, both those 
dogs which died of liver necrosis in spite of administration of penicillin, and those 
with ligation of only some of the above mentioned 3 arteries were also examined. 
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B. Experimental Method 
1) Injection of India ink 
日本外科宝函第28巻第8号
Before injecting plastics into the Yascular systems, India ink was injected in 
order to make the observation more exactI:-. 
Dogs which survived the operation were anesthetized ＂’ith intravenous nembutal 
and subjected to median laparotomy. A ligature was then placed around the stem 
of the portal vein (the p. v.) at the hilus of the livc1-, and another ligature around 
the inferior vena cava (the i. v. c.) just below the liver. Then left thoracotomy 
was performed either under positive pressure同’ meansof intratracheal intubation 
or sometimes under normal pressure. No sooner had drop by drop injection of India 
ink begun than the stem of the p. v. and the i. v. c., now 1℃aclγfor ligation, were 
tied up. Bγthis method, it was expected, the India i1k would be prevented from 
flowing into the liver through any other route than the arterial vessels. 
The injection was continued until the injected material filed capillar:yア vesselson 
the walls of abdominal viscera，向・eingit black. Then al length of the digestive 
tracts from the oesophagus to the rectum and retroperitoneal organs were taken out 
with the diaphragm and principal vessels. The filling ink was traced in order to 
observe how extrahepatic arteries coursed into the liver. After obtaining the mate-
rials for histological studies, injection of plastics was performed. 
2) Injection of plastics 
a) Irrigation 
In order to inject the plastics easil:yア andexactly, the vessels of the resected 
organs were irrigated by clear water put in from the cut end of the thoracic aorta 
under the pressure of about 100 mmHg. The portal circulation S>'Stem and someti-
mes hepatic veins ＼＼℃re also irrigated with some modifications・・ in the former case 
water was injected from the hilus of the liver under the pressure of about 15 mm-
Hg, and in the latter irrigation was done retrogradely from the v. c. under much 
the same pressure. 
The instrument of Dr. lKEGAMI at K>・oto Univ., with some inprovements on it, 
was usecl for the procedure of irrigation. I1 was continued til grossly there was no 
blood seen in the water百owingout of the hepatic vein. Much care was taken to 
keep the pressure of running water at so physiologic a level as not to wash away 
any obstructions caused b~’ thrombus or some other factors which had existed when 
the dog was alive, but as to wash away those obstructions ca凶 edby postmortem 
coagulation and so on. 
b) Injection of plastics 
The techniques of Dr. IKEGAMr were chieflγfollowed in preparing and injecting 
plastics. First, intermediate methyl methacrylate polymer, especially prepared for 
the purpose, was dilutccl with monomeric mcth:-・l methacr:yアlate. Next, to this mix-
ture were added dye-stu百sand h2nzoyl peroxide, a stimulant of plymerization. Then, 
this fluid, kept in a comparatively low degree of Yiscosity, was injected successively into 
the common bile duct, the aorta, the p. v., and the i. v. c. from the same portions 
as when the irrigation was done. No special instrument but a cr戸terpipe was 
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used for the injection. Care was taken not to make injection pressure too high. 
Just as much of the司uid,and not more than that, was injected as could both fil 
up capillary vessels running over the 1司ralof the gall bladder, and be barely seen 
through the liver capsule. 
As for the volum capacit~’ of intrahepatic vascular systems, the arterial system 
is the smallest, then comes the portal one. In order to investigate collateral arterial 
pathways, however, a much larger amount was injected into the arterial system 
than its capacity, because there was a possibilit~· of flowing into the other organs. 
For dyeing matters w出 usedfine powder of pigment, which was mixed with 
the plastics just before injection, and sometimes oilcolour or thickened lacqure was 
also used. As the size of particles di百ersin di古erentd~℃s, the speed of polymeri-
zation varies according to what dye is to be added. Red was chosen for the artcrγ， 
blue for the p. v., yellow for the vein and white for the bile duct. 
c) Corrosion of tissues, washing and observation 
After the injection of plastics, the injected liver w出 immertedin running 
water for about 24 hours so as加 preventdestruction of its vascular systems by 
the heat of polymerization. After the polymerization had been completed and ma-
terials for histological examination had been obtained, the liver was dipped in 30. to 
40% caustic soda solution, left for 2 to 3 days in and incubator kept at 37°C in 
order to corrode unnecessaηγtissue, which was then washed o百 bywater. In this 
way, I got the vascular pattern of the liver with that of its adjacent organs. 
Observation was carried on these patterns grossly or using the magnifying 
glas, while the sections of the liver was examined histologically. 
II. RESULTS OF EXPERIMENT 
FfJ I DiaJram "./ E"tra-hepatic Arterial Cir~ulo.t1on of Tfie Dマ
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A. Findings of Control Group 
1) Arterial S~·stcm of Normal Dogs 
The moment India ink ＼’m injected into the thoracic aorta of the dogs which 
had not been operated upon, the liver, as well as the other abdominal viscera, turned 
black. Microscopic observation 1じvealedthat arterial capillaries in the connective 
tissue ann sinusoids were almost 1ervarled with the injected India ink. 
The injection of plastics presented a clear picture of extra and intrahepatic arte-
ries and their mutual anatomical relations. 
a) Chief arteries to liver 
There arc three chief routes to the liver which arterial flow takes; one is from 
the c. h. a. to the proper hepatic arteries (the p. h. aa.); another is from the supe-
rior mesenteric a. to the liver through the sup. panc1℃aticoduodenal a. and then the 
g. d. a., if the direction of blood flow is put out of the question; and the third is 
from the gastric coronary a. to the liver through the r. g. a. (Fig. 1). It is wel 
known, as URABE in our clinic has minutel~ア reported, that when these three principal 
hepatic arteries (referred to as the hep. 3 aa. in the following pages) have been 
ligated and severed, most of the arterial blood suppl~’ to the liver is cut of, and 
that nearly al of the dogs n’hich received no antibiotics die of liver necrosis. 
b) Intrahepatic vascular s¥・stems, and their mutual relations 
Only points of importance are given here. In the dogs, the hep. a. starts on 
its course from the aorta, and ascends toward the hilus of the liver, passing a litle 
left and inferior to the stem of the p. v . Thereabouts the artery forms ‘an arterial 
arch’where it changes from the c. h. a . to the g. d. a. From this 'arterial arch' 
arise the p. h. aa.ー －ーfirst, the right main branch ramifies, then the left one, from 
( L.Lob.)" 戸、
G-4.1 Bla.d. 
Fig. 2 r cf.page 2981) Branches of proper hepatic a. ramifying at hilus of 
liver in normal dog, and their relation with portal venous system. 
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which in most cases the middle one comes out. These enter the liver and supply its. 
various lobes, giving off small branches which course always with the corresponding 
branches of the p. v., now running along them, now much like a vine on a tree 
(Fig. 2). 
2) Cases in which Common Hepatic Artery Was Solely Ligated 
In this case the dogs were able to survive the ligation without antibiotics. The 
India ink or plastics injected jnto the aorta was observed to have flown jnto the 
liver by way of the g. d. a. just as in normal dogs (Fig. 3). It ma~· safely be 
assumed that the arterial bloα1 suppl~’ to the liver was available b~’ reverse 自ow
through the g. d. a . By the wa~’， in this case no marked enlargement of the r. g. 
~a. was observed. 
S.M.A.= S凶P・Mesent. A.’C.H.A.= Common 1-¥ep.A. 
Acι.A.= Accessoぞ＂Jd.A・ L.金A.;L Ga~fric. A. 
Fig・. 3 Extr叫iepaticarterial circulation after ligation of only common hepatic 
a. (Arterial blood entering liver chiefly by way of gastroduodenal a., 
.t'ylorus 
Fig. 4 C旦pi!laryarterioles 
in hepatoduodenal liga-
ment of normal dog. 
3) Collateral arterial circulation 
What collateral circulation to the liver exists, 
except the hep. 3 aa. ? To what degree could it 
work as a substitute for them ? To answer these 
questions, the hep. 3 aa. ligated, and then India 
ink or plastics were injected l乃’ wa~’ of the aorta. 
The findings obtained are as follows : 
a) Collaterals inferior to liver ; 
i) The ‘accessory arte1γwhich arises from 
the c. h. a. close to the coeliac axis, passing throu-
gh lymph glands that swarm around the c. h. a. 
or the p. v., and enters the liver・ ・especially its 
right lobe. 
i) Those small arterial twigs which branch 
o百 chic叫・ from gastric or pancreatic vessels and 
course upwards in the hepatoduodenal ligament to 
the livc1・. (Fig. 4) 
ii) A network of capillary vessels which 
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spread along the wall of the common bile duct or that of the p. v. to liver, and 









｝ ，， ム Conn ect '11~ Branches 
Fig-. 6 Connecting arterial branches arising from left gastric a. to course through 
cardiac part of the stomach of normal dog. Injected with India ink. 
Fig-. 6’Same as the case of Fig. 6, but injected ＇’i thplastics. 
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iv) Vessels which seen to nourish the wall of the i. v. c., and very few 
similar filamentous vessels coursing through the thin film between the liver and the 
right kidney (the hepatorenal ligament), both reaching and spreading over the capsule 
of the right inferior liver lobe. 
b) Collaterals on the diaphragmatic surface of liver; 
i) Most of those, who attribute survival of dogs with ligation of the hep. 3 
aa. to a postoperative collateral arterial supply to the liver, point out that those 
passages to the liver come from the phrenic aa. (the phr. aa.). To investigate this 
point, therefore, especially strict observation was performed. No twigs, hfm引℃r,
were found arising from the phr. aa. directlyァ tothe liver, except those few very 
thin vessels which spread over only localized part of the liver surface to which the 
falciform ligament attached. (Fig. 5) 
i) However, the following collateral arterial circulation, more e百ective than 
the above, was observed in all dogs : at the cardiac part of the stomach and the 
oesophageal foramen of the diaphragm, branches of the left gastric a. anastomose 
with those of the phr. aa.. A couple of these branches connect with the left main 
branch of the p. h. aa., after coursing in the small omentum, alongside the liver 
and between the caudate (reticule) and the left inf. lobes (Figs. 6 & 6’） . These 
collaterals, however, are so thin that they cannot possibly be considered enough to 
feed the whole liver. 
Table. 1 Summary of Cases, Injected with Plastics. 
Penicillin treated Penicillin untreated 
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4) Anatomical var匂tionsin the principal aa 
Such variations are seldom found, or if any, they could be easily noticed at the 
time of operation. 
B. Cases which Survived Ligation of Hepatic Arteries due to Administration 
of Antibiotics 
1) Ligation of Hepatic. 3 Arteries 
First, a brief comment is given below on each case subjected to this method of 
ligation ; (Table 1) 
Case I (V19): After the ligation, this case appeared obviously likely to live long, so 
it was sacrificed on the 11th day. Grossly, the liver was nearly normal. The tip of the 
middle lobe and its adjacent portions were observed to be stil congested ; both the sup. and 
inf. surfaces of the liver were adherent to their respective neighbouring viscera目 Thegal 
bladder was found to be perforated. 
In the plastic pattern of this case, several comparatively thin arterial branches pass 
through hep. lymph glands to enter chiefly the left sup. and inf. and the right liver lobes. 
These branches, however, scarecely found their way into a part of the middle lobe and the 
quadrate lobe, where most of the branches of the portal vein were not accompanied by 
arterial ones. In spite of the absence of arterial branches, these lobes showed no more 
marked histological changes than the other ones. 
Case 2 (Vd, Case 3 (V21); These cases were killed on the 10th and the 17th post・ 
operative day, respectively. In both, a litle cicatricial changes were found in the edges of 
the left inf., middle, and quadrate lobes, with perforation in the gall bladder of the later 
case. Their plastic patterns revealed arteries, only thinner than normal ones, at the hilus 
of the liver. These arteries were seen to be connected with the coeliac axis by means of a 
single thin arteral route perhaps the accessory a. It may be assumed that arterial blood 
supply to th巴 liverwas being made through this accessory a., but with perforation found 
in the gall bladder. It is doubtful whether this single collateral could supply blood enough 
for survival of the dogs immediately after the ligation. 
It may be added that in none of the 3 cases any arterioles were found arising from 
the phr. aa. to ramify into the liver and that histological examination revealed a medium 
degree of local lesions due to the ligation of the hep. 3 aa .. central atrophy of hep. cel 
cords, entailing enlargement of p巴risinusoidal spaces and that of cystic capillary vessels in 
the connective tissue 
Case 4 (V s6); This cases was sacrificed 19 days after the ligation. The gall bladder 
had already been perforated. The ligation of the hep. 3 aa. wa日 foundto have been per圃
fectly performed, but a couple of arterioles in the hepatoduodenal ligament were observed to 
enter the liver. In addition, between arteriolar network at the cardiac part of the stomach 
and the p. h. aa., there was found a connection, through which an arterial supply, though 
less than normal, had b巴endistributed as far as the liver edges (Fig. 7). 
Histologically, the greater part of the liver was normal, although in some portions 
liver cells had been degenerated to a medium degree, with sinusoids stil congested. The 
extent of deg巴nerationand congestion, however, seemed to be reversible. 
Case 5 rV20); This is a case in which ligation remained more effective. When it was 
killed on the I 7th day after the ligation, both the sup. and inf. surfaces of the liver were 
found comparatively closely adhered to neighl;ouring viscera with litle inflow of the injec・ 
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Intrahepatic ramification of connecti¥'e branches from left gastric a. (or phrenic aa.) 
a. seen much thinner than in normal case. (Case 4・v36with ligation of hepatic3 aa.) 
Fig. 7 
The plastic pattern revealed only a few 五lamentousarterioles, now replaced by the 
injected red plastic, at the hilus of the liver. These are identified to be small, yet slightly 
enlarged, arterial branches coursing along the hepatoduodenal ligament. On tracing them, 
it was found that most of them spread only over the liver capsule or ligament at the hilus 
of the liver, but one or two of them coursed along the stem of the p. v. and entered some 
part of the liver parenchym of each lobe together with the main branch of the p. v. (Fig. 
8). They were al very thin and went winding. 
＼：えノ
s,.-v; ved CA<a 
v:ao 
much thinner and more Fig. 8 
As for the surface of the liver facing the diaphragm, no intrahepatic arterial ramifi・
cation was observed to originate in the phr. aa., except only a few very thin arteioles seen 
on that portion of the liver surface close to the i. v. c. and cardiac part of the stomach. 
When followed up, some of these entered the subcapsular portion of the left liver lobe, 
where they gave off branches only locally, while others coursed between the left and the 
caudate lobes to anastomose with the above-mentioned thin arterioles coming from the hilus 
of the liver. 
In addition to the above collaterals, the plastic pattern showed some capillaries on those 
portions of the liver surface which were adherent to adjacent viscera, but they were very 
thin and did not enter the liver. 
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Histologically, the greater part of the liver was normal, with only central atrophy of 
hepatic cel cords in a part of the liver edges. 
Case 6 (V18); In this case, kiIIed on the 24th postoperative day, the branches arising 
at the cardiac part of the stomach were 1observed to have become thicker and connected 
with the existing left main branch of the p. h. aa.. However, these branches were yet 
powerless, so that they lingered only at the hilus of the liver and the caudate lobe, and did 
not go so far as the liver edges. 
Histologically, the greater part of the liver was normal, except very small area where 
parenchymal cells were stil swollen and edematous, and sinusoids congested, which proves 
that in these parts oxidation had not yet returned normal. 
Case 7 rV46); In the case which was sacrificed on the :.?8th day after ligation, such 
connective branches as mentioned above were found thicker than those in Case 6, though 
weaker than normal, spreading over and reaching the edges of the liver lobes (Fig. 9). The 
gall bladder was found to be perforated in this case, too. 
Fig・. 9 Intrahepatic ayterial ramification by connective branches from near the cardiac 
part of stomach, having become stron広erthan in other cases, but weaker than 
normal. (Case7-V46) 
The following cases survived longer than the above : 
Case 8 CV 6); This case showed defferent finding from the other ones. When it was 
sacrificed 42days after the ligation, the liver lobes were found comparatively closely adherent 
to each other and to the diaphragm. There remained rudimentally what seemed to have 
Fig. 10 Enlarged branches of phrenic aa. (Case 8-V6 with ligation of hep. 3 a.). 
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been a gall bladder. The liver parenchyma, however, suffered no abnormality worthy of 
mention. Histologically, no changes were observed in the liver cels, eith巴r.
Now for another purpose, plastics were injected into the liver from the peripheral cut 
end of the. c. h. a. As had been exp巴cted,the injected material deffused over al liver lobes 
systematically and went unexp2ctedly, farther to the diaphragm. Moreover, these branches 
were found winding and so much enlarged that they were thicker than the phrenic veins 
(Fig. 10). 
In this case, as the liver had not been taken out with the aorta, the plastics injected 
through the c. h. a. are assumed to have come to the phr. a., not by way of the aorta, 
but through some direct connectives made between the branches of the hep. a. and those 
of the phr. aa .When one of these winding branches of the phr. a. was really traced, it 
took an unusual route between the left and middle lobes and connecting with the left main 
branch of the p. h. a. 
However, this was no thicker than about 1/25 of the stem of the p. v . 
Case 9 (V01); In this case which survived the ligation than a year, any injected 
material was not found diffusing in the hepatic vascular system by the injection of India 
ink. 
Such were the cases with the other cases. 
The above 12 cases survived ligation of the c. h. a., the g. d. a., and the r. g. 
a. under the administration of antibiotics, and were then sacrificed 10 da戸 tomore 
than a year after the operation. All of them were not completely deprived of 
arterial blood supply to the liver, though the extent of the deprivation varied from 
case to case. In some cases arterial blood entered the liver through those small 
vessels which passed through lymph glands swarming around the c. h. a. or the p. 
v.; in some, through a litle enlarged vessels in the hepatoduodenal ligament; and in 
more others, through those slightly widened branches passing the cardiac part of 
the stomach to anstomose with the l. p. h. a. All these collateral pathways, how-
ever, were by far weaker than normal. Except them, onlyァ newly vascularized 
capillary vessels were seen entering the liver through adhesions caused by the oper-
ation, only to ramify on some portions of the liver surface. However, they did not 
course with the branches of the p. v., but spread only superficially over some parts 
of one lobe of the liver. 
In case of a lobular liver like the dog’s, in order to suppl~’ each and every one 
of the lobes systematically, it is necessary for arterial blood to enter the liver at its 
hilus. Therefore, any arterial collaterals entering the liver at any place other than 
the hilus may supply only a small portion of a single lobe, if they are not connected 
with any arteries coming in at the liver hilus. On the contrai下， ifand when 
they are anastomosed with any arteries entering the liver at its hilus, then the~・
can possibly supply the whole liver. Thus, except the hep. 3 aa., it is the very 
connective branches coming from the cardiac part of the stomach that count for 
the most as collateral passages to the liver. However, in Cases 1 to 5, to日aynothing 
of normal ones, such collaterals appeared too thin to carr~· arterial blood enough to 
suppl~’ the whole liver. In cases which survived longer, it was expected that these 
collaterals would be so enlarged as to enable an ample arterial bloccl suppl~’ to the 
liver. The expectation was realized in Cases 6 and 7, who℃ such collateral pathways 
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had been gradually widened until about a month after ligation they carried a consi-
derably large amount of arterial blood to the liver. It may be interesting to note, 
however, that when sacrificed these two cases had alread~· had perforations in the 
gall bladder. The gall bladder is nourished with arterial blood chiefly through the 
cystic artcr~· ramifying from the middle main branch of the p. h. a. URABE in our 
clinic has reported that 44% of those cases which survived ligation of the hep. 3 a. 
with the help of antibiotics showed perforations in the gall bladder after the 7th 
p田toper叫iveda~·. A日 statedabove, the two cases of mine had also perforations in 
the gall bladder. This may well be because very litle arterial blood supply to the 
gall bladder and accordingly to the whole liver, was available at least during a short 
period after the ligation. In other words, the connective arterial branches of cases 
6 and 7 arising from the cardiac part of the stomach had not been enlarged at the 
beginning; during the early, short postoperative stage, which is so decisiv巳ofthe 
fate of dogs operated on, these collateral arteries are thought to have been ineffective 
in preventing the liver from developing massive necrosis. 
Now a few lines for another collateral circulation. Except in a single case, no 
branches were田encoming from the phr. aa. directly into the liver. The exception 
was case 8 which had some branches connecting the enlarged phr. aa. with the p. 
h. aa.. This case ma~· suggest a probability that as late as one and a half months 
after ligation, there would be some collaterals, enough to nourish the liver, arising 
from the phr. aa. to enter the liver by some ＼＼判γorother, and spread over a part 
or sometimes a greater part of it. However, this does not count for so much in the 
present study, for the problem we are here especially concerned with is not the 
circulating state of intra-and cxtrahepatic arterial sy~tem 部 it stands long after 
ligation, but the presence or absence of effective arterial collaterals at the early, 
short and decisive stage of postoperative course .-decisive on the occurrence of liver 
necrosis. 
On the other hand, about 54 % of those dogs I operated upon died of liver 
necrosis. This figure marks the lower rate of survival than those heretofore reported 
(about 30%). This may be because, compared with the previous experiments made 
by manγpredecessors, in my study the hep. aa. were ligated as extensively as 
possible, with an added resection of neighbouring tissues, so that greater lesions were 
brought about, resulting in death of more dogs operated on. 
2) Ligation of Hepatic 4 Arteries 
Seven dogs were operated upon ; not only the hep. 3 aa. but also those connec圃
ting branches, a1〕parentlye古田tivecollaterals, which course from the cardiac part 
of the stomach to the left main branch of the p. h. aa., were ligated. (This proce-
dure of ligation will be referred to as ligation of the hep. 4 aa. in the following 
pages.) Among others, the c. h. a. was as extensively ligated as possible with its 
adjacent lymphatic m’stem. The result was: one died of liver necrosis the next 
da? ; three died 3 to 4 da:-・s after ligation ; and only the other thr℃e日urvi vcd. If it 
is peηnitted to日peakin terms of perccntaどじ， with this limited number of experim・ 
ental dogs, the mortality was 57 %, while in the above cases (with ligation of the 
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hep. 3 aa., it was 54 %.) This means that the addition of these collateral pathways to the 
hep. 3 aa. to be ligated did not bring about a very marked increase in the mortality. 
Survival case l CV120J; This case was killed on the 16th postoperative day. i’he 
greater part of the liver was found normal. Only in those portions which are eas~＇ to get 
necrotic, such as the tips of the middle and quadrate lobes, the peripheral parts of the left 
lobe and the caudate (reticule) lobe, there was recognized somewhat cicatrized changes 
suggesting that they had once been necrotic. In the plastic pattern, several small branches 
arose directly from arteries dose to the pyloric part of the stomach and near the region of 
the pancreas-head to stretch out to the hilus of the liver through the hepatoduodenal liga-
ment, giving off smaller twigs. Some of them went as far as the liver edges, becoming 
thinner as they went together with branches of the p. v . 
C'.lse 2 (Vuo); killed on the 16th day after ligation. In this case, too, what s巴守汀1edto 
be small branches in the hepatoduodenal ligament were found a litle thicker than in Case 
J, reaching the hilus of the liver. It was impossible, however, to trace them to the liver 
edges (Fig. 11). This fact means that the dog had survived the ligation of the hep. 4 aa. 
without any effective intrahepatic arterial branches. What is more, the histological findings 
were normal in the greater part of the liver, although central atrophy of hepatic cell cords 
and enlargement of perisinusoidal spaces were observed in some small areas 1 Fig. 11'). In 
~o "' ・ iN h·~ • 
Fig. 1 Arterial branches remaining in hepatoduodenal ligament. (Case 2-V6o which 
survived long after ligation, without intrahepatic ramification effectiYe aa .
Fig. 1' Histological picture of the above, stained by H-E C×100）・ Slightdegree of 
central atrophy of hepatic cel cords and enlargement of perisinusoidal 
spaces seen only in very small portions of liver. 
旦単L
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neither of the two cases, any branches were seen originating directly from the phr. aa .
Case 3 ( v 74 1; This case, sacrificed on the I 0th postoperative day, revealed much the 
:-<tme histological picture as the above two whereas the plastic pattern showed that at the 
hilu.. of the liver there gathered small arterial branches, a couple of which anastomosed 
with bi~riches of the p. h. aa. and entered the liver. But compared with normal ones, 
they were tiiamentous・
As is shown above, even b~· ligation of the hep. 4 aa. it was very difficult 加
deprive the liver complete！~· of all its arterial supply, although. in one survival 
case the deprivation was more successful・・・the liver received less arterial blood. A 
more extensive ligation would result in nothing but an increase in the mortality 
because it would cause greater lesions, so the ligation was carried on at two di仔er-
ent stag-es. 
I ._, ...白，. I 
Mid.L。i, ， 
V句S
Fig. 12 (cf. page 2981) Case 3-V75 with 2-stage ligation. Just as in Fig. 1, this 
case survived long in spite of the existence or scarcely any intrahepatic 
ramification of effective aa. Only a couple of thin branches seen running 
to liver through hepatoduodenal ligament, only to fail to enter liver 
Fig. 12’Histological picture of the case-V75 (Fig. 12,) stained by H-E （×10). 
Tendency to regeneration of hepatic cells are seen. All the above cases 
are cither normal ones or ones which survived ligation. 
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3) 2・Stage(Extensive) Ligation of Hepatic 4 Arteries 
The purposes of the experiment will be described later in detail. Those dogs, 
which survived the 1st stage ligation of c. h. a. and the g. d. a., were submitted to 
the 2nd stage ligation of both the r. g. a. ancl those connecting branches coming 
from the cardiac part of the stomach, in addition to cutting al the hepatoduodenal 
ligament except the p. v. and the common bile duct. Four dogs were operated on 
and al of them survived due to postoperative administration of penicillin. 
Case 1 (V114); This was reoperated upon 9 days after the 1st stage ligation. After 
1 more days it was sacrificed. At the time of reoperation, adhesions had already been so 
strong that the 2nd stage ligation could not be well performed目
Case 2 (V,0); In the light of the failure in the above case, this was reoperated on the 
48-th hour aft巴rthe 1st ligation, when a considerably high degree of changes were observed 
in the liver edges. The dog, however, could well survive the '.?nd stage ligation until it was 
sacrificed 15 days later. Postmortem examination revealed a greater part of the liver to 
appear quite normal, with perforations in the gall bladder. Nevertheless, the plastic pattern 
showed no regular intrahepatic ramification of arterial branches. 
Histological examination, to, presented a normal picture of nearly al portions of the 
liver, except in the edges, which had suffered some changes as a result of the 1st stage 
ligation, where there remained a slight degre巴 ofchanges uncured, although regeneration of 
parenchymal cels was observed along the border of necrotic area. 
Case 3 (V75); This case was subject巴dto the 2nd stage ligation 4 days after the 1st. 
17 more days later it was sacrificed. Plastic injection revealed no systematic ramification of 
in tr油epaticarterial branches but a couple of small branches remaining in th色 hepatoduod-
enal ligament. (Fig. J 2) Histologically, nor marked changes were found, much les degene-
ration of hepatic cels目（Fig.12’） 
Case 4 (V76); This was reoperated on the 6th day after the 1st ligation, and 20 days 
later it was sacri自ced. By the plastic injection only a few irregular thin arterial branches 
were observed close to the hilus of the liver, with no systematic ramifcation of arterial 
branches reaching the liver edges. On the other hand, histological study presented a picture 
of desturbed rows of liver cel cords and a tendency to congestion only at the edges of the 
liver, where a tendency to regeneration was also observed. 
4) Comment. 
Of the above 19 cases, on which observation was made, several suffered no 
serious damage to the liver with a good prospect of long survival, in spite of there 
being scarcely any intrahepatic arterial branches. 
Complete interruption of al arterial blood supply to the liver is very difficult 
to accomplish, as many predecessors have said. In the present experiment, some 
thin arterial branches from the hilus of the liver were found in most cases by 
injection sometimes spreading over each liver lobe to the very edge, though weaker 
than normal. Such was especially the case with ligation of the hep. 3 aa.. It is 
highly probable, however, that although immediately after the ligation such arterial 
branches were either very few or weak, they had incrcaased or become stronger by 
the time of injection of plastics. On the other hand, if antibiotics were not given, 
(ncarl~ア） al dogs died even with ligation of the hep. 3 aa. a method of ligation 
not enough to interrupt the whole arterial blood supply to the liver. From this, too, 
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it may be concluded that these remaining thin arterial branches are not the only 
reason for survival of the dogs operated on, and that the liver could survive without 
effective arteries. 
Indeed, these collaterals may have been weak and ine古田tiveat and after liga-
tion of the hep. a., but were they utterly meaningless ? W asn’t it partly because 
of their presence that the operated dogs could survive? Without these thin colate-
rals, could even antibiotics have prevented the dogs from dying of massive liver 
necrosis ? To answer these questions, the following experiment was made. 
C. Cases which Died of Liver Necrosis in Spite of Antibiotic Therapy 
1) After Ligation of Hepatic 3 Arteries 
India ink or plastics were injected into several cases from the aorta. As in the 
above 19 cases which survived, al dogs that died showed a trace of sma11 postopera-
tive arterial blood supp片 tothe liver. To take one remarkable case for example, 
the dog (Vso) which died of liver necrosis 4 days after the ligation of the hep. 3a. 
revealed a 旬、＞tematicramification of intrahepatic arte1包lbranches which carried 
quite an amount of arterial blood to the liver edges. (Fig. 13) Moreover, histologi-
cally a high degree of central necrosis was observed almost everywhere in the liver 
(Fig. 13'). 
。.6. = ~a,1 I 6 l~ddet" 
Fig'. 13 (cf. page 2981) Case-V30 with ligation of hep. 3 a. This died of massive 
lin'r necrosis in spite of postoperative antibiotic treatment and remains 
of considerably effective intrahepatic arterial branches. 
It ma~’ not be proper to saγthat the plastic pattern as it stands shows a real 
picture of the state of the hepatic circulation but some cases died of liver necroses 
in spite of the fact that they had much the same anatomy of intrahepatic arterial 
branches as that of the cases which sunived. This may be ample proof that when 
the hep. 3. aa. have been ligated, a couple of collateral arteries which have ben 
overlooked at the time of opration haYc nothing to do with pr℃vention of liver ne・ 
rosi日 ordeath of clogs operated on. To investigate this point further the following 
experiment was made. 
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Fig. 13' Histological picture of the above, Case-V30 (Fig. 13), showing massive 
necrosis. stained by H-E〔x60). 
2) Ligation of Hepatic 2 Arteries 
2983 
In this experiment, two of the hep. 3 aa. were ligated,. while the other intenti・
onal:-・ left intact. As was previously mentioned, when the c. h. a. has been ligated, 
the arterial blood supply to the liver is chiefly done by way of the g. d. a. 
This fact has often been reported by many experimenters. The addition of the r. 
g. a., the weakest of the hep. 3 aa., to the above to be ligated would make no 
di町erencein the outcome ; in fact, those dogs which had been subjected to this 
輝総thodsof ligation survived with the help of antibiotics. So the c. h. a. and the g. 
d. a. were both ligated, leaving the r. g. a. as it was. (This way of ligation will 
be referred to as that of the hep. 2 aa.) 
Twelve dogs were operated. 明Tithno antibiotics given, the first two of them 
died of liver necrosis, in spite of their having a systewatic ramification of intrahe-
patic arteries. So penicillin was given to the other 10 postoperatively. Two of them 
(Vu;, V7o) died within 36 hours, and one (VJs) on the 3rd clay, both of liver 
neer邸is;one (No. 72) died of multiple liver abscesses on the 22nd day. One (No. 
68) had its abdomen reopened at the 72nd hour, showing a high degree of necrotic 
changes in the liver lobes. This died the following daγwithout recovering from 
the anesthesia, and revealed such a high degree of central necrobiosis or necrosis 
that the animal would have had a poor chance of survival. 
One (No. 57) was found missing (perhaps died) 5 da｝アSafter ligation ; and only 
the rest 4 survived. 
These four were further submitted to the 2nd stage ligation previously men-
ticmed. When reoperated for this purpose 3 to 9 days after the 1st ligation, they al 
showed a百erentdegrees of macroscopic and microscopic changes chiefly in the liver 
edges, jl.l&t as in those cases whose hep. 3 aa. were ligated. None were found 
witli.out suifering any changes, but they al well tolerated the 2nd stage ligation 
unti~ about half a month later they were secrificed to reveal that these changes had 
been 'inearly or completely cured. 
Plastic injection was performed on 3 of the cases that had died. Although the 
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plastic pattern as it was did not present a true picture of the anatomy of hepatic 
circulation systems, some ramification of arterial branches, now replaced b~’ plastics, 
was clearlγrecognized in the liver, especially in that of Case (V a5) which died 3rd 
day after the ligation. (Fig. 14) What is more, it was made clear by histological 
examination that the above 3 or 4 cases had died of massive liver necrosis in spite 
of antibiotic therapy and presence of arterial branches remaining in the liver (Fig. 
14'). 
Fig・. 14 (':else>ベ7日 whichdied from Ii邑・ationof hep. 2 aa .Much about the same as the 
case-V33 1 Fig. 13) 
Fig. 14'. Histological picture of the above, case-V35, stained by H-E. （× 100.) 
Without antibiotics, both of the two dogs with ligation of the hep. 2 aa. died 
of liver necrosis, while with antibictics, c¥・cn if the one that died of liver abscess 
and the one found missing n℃l℃ not taken it日account,4 Cases out of 8 died of liver 
necrosis showing 50% of mortality rate. On the other hand, the mortalit~· rate stood at 
abJut 54% in the case of ligation of the hep. 3 aa. and about 57% in the回目eof 
the hep. 4 aa.. It is vcr>・ interesting to note here that there is litle di百erencein 
these 3 figures. (Table 2) More interesting stil, if dogs well tolerated the ligation 
of the c. h. a. and the g. cl. a., the>・ al 礼ffvivcdthe 2nd stage ligation of加1ththe 
r.符.a. and other arterial collaterals, though su町eringquite a high degree of changes 
in some parts of the liver. This will make us doubtful whether the r. g. a., which 
has been re、問I巾 das an impJrtant collateral to the liver, is really so or not. 
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Table. 2 Mor唱talit:yアofDogs wγith Ligation of Hepatic Arteries by Author Methods. 
(with Penicilin Treatment) [Number of Ca悶［ Dead Cases Mortality 
下両一e山可抗eries-・ -]-~一丁 7 54% 
L制 ionof Hep山 2Arteries j 8 j 4 50% 
Ligation of Hepatic 4 Arteries j 7 I 4 57% 
Note: Hepatic 2 Aa. =Common Hepatic A. + Gastro-duodenal A. 
Hepatic 3 Aa. ＝グ F // + / / / + Right Gastric A. 
Hepatic 4 Aa. = / / ／／十 F // //+ // // dア
+ Connecting Arterial Branches (originated from Left Gastric A. 
or Phrenic A.) 
3) Comment 
In the above experiment, those cases which died had some arterial blood flown 
into the liver, just as in those which survived. From this it may be safely concluded 
that persistence of the liver or survival of the dog does not necessarily depend upon 
whether or not the dye or plastics, injected from the thoracic aorta after ligation of 
the chief hep. aa.，臼owinto the liver, or in other words, whether or not some arte-
rial supply to the liver is available by any other route than the ligated main arteries. 
IV SUMMARY AND DISCUSSION 
Even if the common hepatic artery, the gastroduodenal artery and the right 
gastric artery of dogs have been ligated, nearly al of them can survive under 
postoperative administration of antibiotics. The reason for their survival has been 
thought that some arterial collaterals to the liver work as a substitute for the ligated 
arteries. GRINDLAY, MANN and BoLLMAN, for example, reported on arterial connecting 
branches chiefly between the liver and the diaphragm, through which arterial blood 
flows into the liver, keeping it alive. PoPPER and his associates like JEFFERSON, 
N ECHELES and PROFFITT put emphasis on this collateral circulation and averred that 
so long as it was left intact, dogs with ligation of other arteries survived without 
antibiotics, whereas when it was completely interrupted, the dogs died no matter 
however large amounts of antibiotics might be given to them. This view is sup-
ported by many in Japan, too. 
On the other hand, MARKOWITZ, RAPPAPORT or EZE and others suggested the 
important role this collateral circulation plays in preventing liver necrosis. Indeed, 
penicillin given for several days postoperatively 伺 n lower the mortality of dogs 
operated on, and this is, as they assert, because it protects the organ for a week or 
so, until some arterial collaterals have been developed to supply the liver with 
suf日cientblood to keep it alive. 
LAUFMAN et al and WITTER et al reported the existence of anatomical variations 
of extrahepatic arterial system. They pointed out small vessels in or from the 
diaphragm, hepatoduodenal ligament, or hepatorenal ligament as possible collateral 
passages to the liver, and said that the more such vessels existed the higher survival 
of dogs resulted. Besides, many others like LrvIERATO, HuGGINs, PosT and DEsFORGAs 
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referred to such collateral arterial circulations. 
On the contrary, some others like TANTURI et al., denying the existence of this 
collateral circulation from the phrenic arteries in dogs which survived, said that 
even though there were any small vessels coursing through the hepatoduodenal liga-
ment to reach the liver, they were not enough for dogs operated on to survive the 
ligation. Although MARKOWITZ et al recognized the presence of arterial collaterals 
to the liver of dogs operated on, they agreed with TANTURI and others, admitting 
that the dog’s liver survived the loss of its arterial blood su11ply. 
In our clinic, URABE, investigating this point roentogenologically, reported that 
in dogs which survived, e町ectivearterial collaterals were absent at least within 2 
weeks after the ligation. 
As was previously stated, especial!~· in such a lobulated liver as the dog's, arte-
rial blood has to come into the liver at its hilus in order to suppl~· each and every 
lobe systematically. Therfore, any arterial collaterals have either to enter the liver 
at its hilus, or to anastomose with the existing branches of the proper hepatic 
arteries at the hilus so that they ma~· supply the whole liver as a substitute for 
the hepatic 3 arteries that have been ligated. Moreover, they have to course in the 
liver always with branches of the potal vein, since vascularization of new arteries is 
next to impossible in a short period after the ligation. 人ndcollaterals coming in by 
any other route could supplγonly small portions of a single liver lobe. 
On the basis of this reasoning, I made the present experiments using the injection 
method in an attempt to investigate the problem of collateral circulation to the liver 
after ligation of hepatic arteries of dogs. It was found that the highest possible 
collaterals are those branches which arise from an arterial network in or near the 
cardiac part of the stomach and anastomose with the left main branch of the proper 
hepatic arter.v. On the one hand, these can be traced back chiefi~· to the left gastric 
artery and on the other, they are expected to anastomose with capillary vessels from 
the neighbouring phrenic arteries. Such being the C前 e,not stereoscopic observation 
like usual roentogenoscopy may give the impression that the collaterals originate in 
the inferior phrenic arteries to enter the liver. However, except the above-mentioned 
collaterals, such connectives from the phrenic arteries to the liver, on the presence 
of which JEFFERSON, PoPPER and others have often insisted, have not been found in 
the plastic patterns of 63 dogs I injected. Even though those connecting branches 
I recognized were the same as they had found, they would be too thin to supply 
the whole liver. And if it was admitted that arterial blood alwavs ran from n回r
the cardiac part of the stomach to the liver, only very litle blood could be supplied 
by wa~＇ of these connecting branches under normal conditions. 
In the present experiment, 4 weeks after ligation one case (V41) wぉ found
with a consideral〕lyremarkable dcvelopement of such collaterals. Indeed, at this late 
period ( 4 weeks aftc1・ligation)these collateral arteries may well have become worth~· 
of the name, but how muc・hcould have ¥Jcen ex pcctccl of them so soon after the 
ligation ? ¥Ver℃ they effective clurin父司 a short, 〉℃idecisive period immediate!>' after 
the ligation ・ as short as a close of penicillin remained e汀ective,yet so decisive that 
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the fate of the operated dogs depend日 uponit? On the other hand, even those dogs 
which were found to have been receiving arterial blood supply. to the liver chiefly 
by this route could not survive in spite of administration of several doses of peni-
cilin. 
Since the time of HABERER, POPPER, JEFFERSON and others have emphasized 
the right gastric artenγas an important collateral to the liver. In order to evaluate 
this opinion, this artery was intentionally left untouched at the time of ligation. 
The result was that some of the dogs operated upon died of liver necrosis, even 
when some arterial blood had been flowing into the liver through this route. Then, 
how could dogs possibly survive with only capillary vessels entering localized, super-
ficial part of the liver where the diaphragm is attached to? How could they live 
with nothing but those remaining thin vessels leading to the liver in the gastroduo・
denal ligament, or with nutrient vessels to the walls of the inferior vena cava, the 
portal vein or the common bile duct? 
The present experiment has made it clear that neither b~＇ ligation of the hep此ic
4 arteries nor by the 2nd stage method of ligation was it possible to interrupt 
arterial blood suppl~’ to the liver completely. Even a more extensive ligation of the 
hepatic arteries, whjch has been tried by LAUFMAN or FRASER and others, could not 
deprive the liver of it8 entire arterial blood suppl~＇· 
It has also proved that it is only the hepatic 3 arteries coming in at the hilus, 
that is, the common hepatic artery, gastroduodenal artery, and right gastric artery 
that are most closely related with survived of the li¥：アer. Whether or not arterial 
blood comes into the liver by any other route should be considered to have nothing 
to do with development of massive liver necrosis, nor with survival of the dog 
operated on. What is more, the results of my present experiment show that the 
right gastric artery plays no important role inprevention of liver necrosis. 
On the other hand, in spite of such an extensive ligation of the chief hepatic 
arteries that no e百ectivearterial branches might be left uninterrupted in the liver, 
some cases survived for a long time with the help of antibiotics without showing 
any marked liver necrosis. This may be proof that the liver can live on the portal 
blood only without receiving arterial blood. 
In normal dogs, however, ligation of the hepatic 3 arteries ahv明＇Sleads to 
lesions in the liver parenchyma due to circulation impediment, regardless of admi-
nistration of antibiotics. Even though these lesions were reversible, a comparatively 
high degree of lesions in the cells could not be prevented. So care must be taken 
when ligation of hepatic arteries is performed under normal condition. 
V. CONCLUSION 
In the present experiment, in order to investigate the problem of ligation of 
hepatic arteries and arterial collateral circulation, chic日y coloured plastics were 
injected into the hepatic vascular町stemsof dogs through the thoracic aorta, the 
portal stem and the inferior vena cava. The I℃sults arc as follows : 
( 1 ) Almost complete interruption of arterial blood supply to the liver of dogs 
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can be done by ligating the common hepatic artery, gastroduodenal artery and right 
gastric artery. (referred to as the hepatic 3 arteries.) 
All dogs deprived in this way of blood supplyア tothe liver died of liver necrosis. 
Those which were saved by postoperative administration of antibiotics showed some 
thin intrahepatic arterial branches. These, however, should not be considered enough 
to account for their survival. 
( 2) When the hepatic 3 arteries have been ligated, what may be expected 
to work as chief collaterals to the liver are those small arterial branches coursing 
from the left gastric arte円ア（orthe phrenic arteries) through the cardiac part of 
the stomach to anastomose with the left main branch of the proper hepatic 
arteries. Even if as many arteries as possible, including these coilaterals, were 
ligated, it resulted in much the same mortality of dogs operated on as otherwise. 
( 3) All dogs which died of liver necrosis in spite of pm~toperative antibiotic 
therapy revealed some arterioles remaining in the liver. Some of the dogs had even 
a systematic ramification of considerably effective arterial branches. 
( 4) When theじommonhepatic artery and gastraduodenal arten' alone were 
ligated, with the right gastric artery and other collaterals intentionally left intact, 
some dogs died of liver necrosis in spite of postoperative administration of antibiotics. 
If dogs were able to survive this method of ligation, they could also survive the 
added ligation of the other arteries. 
( 5) Even when such an extensive ligation of hepatic arteries were performed 
that no effective arterial blood might flow into the liver, some cases survived with 
no remarkable changes in the liver. 
From the alυve findings it maγsafely be concluded that it is upon the common 
hepatic artery and gastroduodenal artery that the dog’s liver depends for its survト
val; that no other arteries to the liver decide the fate of the dogs operated on; and 
that even if the liver receives no arterial supply, it can live and function well on！；’ 
with the portal venous blood. 
In concluding my report, I wish to express my deepest gratitude both to Dr. CmsATO A貼 Kl,
professor of Kyoto UniY. and Dr. learn Ho:->.10, asist. professor of the same for their kind, conti-
nuous guidance, encouragement and supervision. Pertaining to histological findings, I am greatly 
indebted to Dr. Yosnrnrno HA.1A.1¥JA, asist. professor of the pathological division, Kyoto Univ. 
Medical School for his kind guidance. 
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3) 遮断後抗生物質の使用にも拘らずp 肝壊死に依
り死亡した犬に於ても又P 全例に若干の動脈性細小枝
の肝内残存から認められP 中には相当有力な動脈枝の
系統的肝内分枝が見られるものすらあった．
4) 意識的に右胃動脈及ぴ爾他の副血行路を残して
総肝動脈・胃十二指腸動脈zのみを遮断しP 且つ抗生物
質を使用しでも肝壊死を発生して死亡する例が，上述
の遮断法に依るものとほ f同率に認められる．又この
2動脈のみの遮断後生存し得た犬はp 更に右胃動脈及
び他の副血行路の遮断を追加してもよく耐え得た．こ
のことは又P 従来肝への有力な副血行路と見倣されて
きた右胃動脈の意義に関し再考を要するものと考えら
れる．
5) 肝への動脈路を可能な限り広く遮断しP 肝内に
有効な動脈血流入が見られなくてもp 尚肝実質に著明
な変化なく生存を続け得た例を得ることが出来た．
以上の事実からP 肝壊死発生に最も重大な関係を有
するものはp 総肝動脈及び胃十二指腸動脈の 2.;:者のみ
でありp 之以外の経路から肝に到る動脈枝残存の有無
は，主動脈路遮断後の犬の生死を左右する因子ではな
く，叉仮令有効な動脈血の流入がなくともp 肝は門脈
血行のみに依って充分存続し1＠， 且つその機能を全う
しうるものと考えられる．
